CANCER OF LUNG RELATED TO SMOKING BEHAVIOR 

Saxon Graham, PhD 


Detailed observations of the minutiae of smoking behavior of humans suggested 
the existence of wide variations in this behavior. Simulation of these various. 
models of puffing behavior on an analytic smoking machine showed that signifi¬ 
cantly different amounts of tobacco tar were retrievable for each. Lung cancer 
and control pmiems were then observed to determine whether and the extent 
to which the cases exhibited high tar-yield smoking models. It was found that 
risk of lung cancer increases with the mean nu mber pf puffs taken per cigarette 
and with increases in the averag e Iengtn of time taken to smoke a ciga rette 
regardless of age or amount smoked per day. This was also generally true when 
analyses were carried out specifically for variations'in the number of puffs taken 
per cigarette. The exception to this was observed only where the largest number 
of puffs were taken per cigarette. Finally, i t -was shown that taking more puffs 
t owards the end of a cig arelte-snta lTs a hig her risk th an puffing regularly, and 
that the most frequently exhibited puffing patterns, puffing most often at the 
b eginni ng , carried the lowesr risk We suggest that if those results were upheld 
in future replications, further evidence would be at hand of a dose-response re¬ 
lationship linking lung cancer and exposure to tobacco tar. Furthermore, these?" 
data would suggest that smokers could lower their risk by taking fewer puffs per 
cigarette, taking them shortly after lighting up, and smoking with only short 
intervals between puffs. 


A GREAT DEAL OF RESEARCH ON VARIOUS 
populations utilizing various study de¬ 
signs has shown increased risk of hmg cancer 
with increasing exposure to tobacco smoke. 
Thus, increases in risk have been related to 
increases in daily amount smoked and dura¬ 
tion of smoking in years. This led us to ex¬ 
amine die dose-response relationship in a dif¬ 
ferent way. Our detailed observations of 
individuals smoking cigarettes revealed 
rather wide variations in smoking behavior 
patterns. Simulations of these variations via 
analytic smoking machine showed that sub¬ 
stantial differences in tar yield are character¬ 
istic of the different models of behavior . 1 In 
view of the relationship of increasing lung 
cancer risk with increased amount smoked, 
one .would hypothesise drat individuals ex- 
hibifin'g's'rnoking patterns-which'are Iiigli 'in 
tar yield would also have higher risks of dung 
cancer. ' 


From the Departments of Sociology and Preventive 
Medicine, State University of New York at Buffalo, 
BufFalo, New York. 

Presented at a meeting of the American Public 
Health Association, October 26, 1967. 

Supported in part bv' American Cancer Society grant 
E-58. 

Received for publication May 1, 1967. • 


If the hypothesis were upheld, dose- 
response evidence of a different kind would 
implicate tobacco tar as a carcinogen. 
Equally important, if certain smoking meth¬ 
ods were found to characterize cases more 
than controls, information might be at hand 
out of which measures to reduce risk could 
be fashioned. A large proportion of even 
heavy smokers do not develop lung cancer. 
A study of smokers who do and do not de¬ 
velop lung cancer could be useful in develop¬ 
ing further knowledge of factors predispos¬ 
ing to and protecting against lung cancer. 
Such study could involve inhalation pat¬ 
terns, differences in brand-smoked, and many 
other facets of behavior. Our present con¬ 
cern was with risk as related to models of 
smoking behavior which we had. previously 
examined fay smoking ^machine; specifically 
patterns of puffing exhibited throughout the 
time during which cigarettes are smoked. 

Observations of individuals smoking ciga¬ 
rettes in public places such as hotel lobbies, 
bus, railroad, airline, and hospital waiting 
rooms and wards in the Buffalo area, re¬ 
vealed that a number of variations in be¬ 
havior are commonly exhibited. There were 
large differences in the number of puffs taken 
on given cigarettes by smokers, in .the length 
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of time taken to consume the cigarette before 
extinguishing it, and in the length of time 
taken to smoke a given number of puffs. 
Moreover, puffing frequency varied at dif¬ 
ferent stages in smoking a given cigarette. 
The patterns observed could be divided into 
three: puflihg at. approximately equal fre¬ 
quency throughout the life of the cigarette, 
puffing slowly at the beginning and increasing' 
the frequency towards the end of the cigarette, 
and puffing frequently at the beginning, with 
gradual diminution in frequency toward the 
end. Observations of smoking behavior showed 
that given individuals exhibited a given puff¬ 
ing pattern fairly consistently from one cig¬ 
arette to another. 

These observations led us to simulate the 
various puffing models via the Ecusta smoking 
machine to determine whether or not tar 
yield varied among the different models. 1 
Several kinds of experiments showed that: 

1. More tar is retrieved when a given 
number of puffs are smoked over a long 
rather than a short period of time, 

2. Taking most puffs at the end of the 
cigarette results in the largest tar re¬ 
trieval, 

3. PufEs taken at regular intervals 
throughout the life of the cigarette give 
the next largest tar yield, and 

4. Taking most puffs at the beginning 
of smoking a cigarette gives the smallest 
tar retrieval. 

It was found, in addition, that puffs taken 
at the end of a cigarette yield about twice the 
amount of tar of puffs taken at the begin¬ 
ning. All of these differences were statistically 
significant. The finding that puffs taken on 
shorter butts result in higher tar retrieved is 
consistent with the findings of Lindsey, 3 Kotin 
and Falk, 2 and Wynder and colleagues 4 - 3 on 
related questions. These findings may be re¬ 
lated to the fact that puffs taken on. shorter 
butts liave been-' therefore subject to less fil¬ 
tration and contain more tar as a result. Slow 
smoking for given numbers of puffs rather 
than fast smoking would result in shorter butt 
length for each puff subsequent to the first, 
providing less filtration and more tar yield. 
This is because more of the cigarette is burn¬ 
ing between puffs in slow smoking. Puffing 
more frequently at the e.nd of the cigarette 
than at the beginning implies that more puffs 


are taken on a shorter butt length than 
would be true were the larger number of puffs 
taken at the beginning, providing less filtra¬ 
tion per puff and greater tar yield. It should 
be noted that although the differences in 
amounts of tar retrieved from various models 
of smoking behavior by the Ecusta machine 
were of small magnitude, they were relatively- 
of - substantial size. Puffing, frequently at the'! 
end of the cigarette resulted in 7.4% greater 
tar retrieval than puffing regularly, and 21.0% 
more than puffing most at the beginning. 
Slow smoking resulted in 24.2% greater re-, 
trieval than fast smoking. The exposure of 
lung tissue over many years to even moderate 
excesses'In amounts of tobacco tarTroth each 
cigarette smoked could result in a significantly 
larger aggregate exposure. 

Methods 

Once we had observed that there were 
certain regularities in individual smoking be¬ 
havior, we initiated the smoking machine 
studies and studies on humans. The latter 
consisted in observing individuals smoking 
cigarettes. Using stop watches, observers be¬ 
gan timing the moment the flame was touched 
to the cigarette end and concluded timing at 
the moment of extinguishing the cigarette. 
The number of puffs taken in each two- 
minute interval throughout the period of 
smoking the cigarette were recorded as they 
were taken, and at the conclusion of smoking 
a graph was drawn to indicate the smoking 
pattern for that cigarette. Observations on 
each cigarette were recorded on a card which 
is exhibited below. 

The observations on which these data were 
based were obtained on male patients in one 
solarium at Roswell Park Memorial Institute. 
The solarium was used by individuals with 
a variety of disorders; all were observed with¬ 
out prior knowledge of diagnosis or under¬ 
standing as to whether the patient had or 
had.not recently undergone surgery. After- the 
• study was concluded, the patient’s- chart was’ 
examined to determine his diagnosis and 
whether on the ’date and time of observation 
he had recently had surgery. It was felt 
necessary to ascertain this so that post-opera¬ 
tive patients could be analyzed separately 
from those observed prior to surgery: it was 
felt necessary to do this because of the pos¬ 
sibility that smoking behavior may alter after 
surgery. The findings reported in this paper 
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are based on pre-operative observations on 
183 men with, lung cancer and 161 males with 
diseases which do not involve the respiratory 
system or possibly tobacco-related diseases, such 
as peptic ulcers. 

As noted above, the research assistants made 
their observations blindly .without- knowing 
diagnosis or operative status of the patient: 1 
They were carefully trained to assure con¬ 
sistency in observation. It was found in pre¬ 
tests of the study design that there was some 
variation in observer records of puffing and 
other behavior. Because oE this, studies were 
•instituted under which-all three-research assist- • 
ants would observe the same patient smoking 
the same cigarette. Subsequently, the • rec¬ 
ords of the assistants were compared and dis¬ 
cussed among them and the inaccuracies in 
one or the other pointed out. Corrections 
were then made in interpretations as to when 
puffs were taken and other aspects of the 
observations. This procedure was continued 
until there was no longer any difference in 
the observations of the research assistants. The 
data reported here were gathered subsequent 
to this pre-test. In some of the analyses de¬ 
scribed below, age and amount smoked are 
taken into consideration. The information 
on which this was based was gathered in the 
interviews given all patients immediately 
after admission to tire hospital. These were 
conducted by trained interviewers without 
knowledge of symptoms or diagnosis of the 
patients. The quality of their work was 
checked periodically by analysis of tape re¬ 
cordings of their interviews. 
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Fig. I. On one side of the cigarette smoking obser¬ 
vation card, a mark was made for each puff taken 
in each 2 min interval. Thus, in smoking this cigar¬ 
ette, the smoker puffed six times in the first 2 min 
and once in the second two min. 


We are extremely grateful to Dr. John E. 
Dowd, Statistician of the World Health 
Organization, Geneva, who designed our 
computer program. 

Table 1 shows that the majority of patients 
were observed more than once. Indeed, over 


Fio. 2. After com¬ 
pletion of observations 
on one cigarette, a 
graph of the smoking' 
pattern was drawn 
using the information 
recorded on the re¬ 
verse of the observa¬ 
tion card as shown in 
F %- 1. 
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Table 1. Numbers of Observations on 
Cases and Controls 


No. of 
observations 

Cases observed 

Controls observed 

No. 

% 

No. 

% 

i 

27 

14.8 

34 

21.1 

2 

27 

14.8 

25 

15.5 

3 

16 

8.7 ■ 

13 

8.1 

4 

20 

10.9 

12 

7.4 

5 ’ ■ ’ 

1‘4 ■ 

7.7 

' • T8 ■ 

11.1 

6-10 

42 

23.0 

3?- 

21.9 

11-15 

18 

9.9 

6 

3.8 

15 -f 

19 ' 

10.2 

!8 . 

11.1 

X 

183 

100.0 

161 

100.0 

X 

6.78 


5.96 


SD 

6.99 


8.31 


SR 

1.35 


1.60 


Total . 

1371 .. 


.1114 ,. 



10% oE both cases and controls were observed 
smoking 15 or more cigarettes. About 80% 
of each were observed smoking 2 or more 
cigarettes. There was no significant difference 
in the mean observations taken for lung can¬ 
cer cases and controls. A total of 1371 obser¬ 
vations were made on the 183 cases and 1114 
observations on the 161 controls. The distri¬ 
bution of lung cancer cases as compared to 
controls on amount smoked per day was ap¬ 
proximately what would be expected on the 
basis of previous research. Thus, of the total 
eases, a substantially larger percentage (47. 
5%) smoked over one pack of cigarettes per 
day than was true of controls (28.6%). 
Smoking distributions by age were similar. 

Findings 

In general, the findings as to risk of lung 
cancer were those hypothesized on the basis of 
the smoking machine studies described above. 
Patients exhibiting smoking patterns whicli 
on the smoking machine experiments yielded 


large amounts of tar had higher risks of lung 
cancer. Furthermore, as t,he amount of tar 
retrieval associated with a given smoking 
model increased, so did risk of lung cancer. 

Table 2, for example, shows that as the 
average number of puff’s per cigarette taken 
by patients increases .so. does risk of lung 
/cancer. About 35% of lung cancer patients 
took ten or more puffs per cigarette, on the ■ 
average, as compared to about 30% of controls. 
Making the ratio of the percentages smoking 
various numbers of puffs relative to the ratio 
of the percentages smoking the smallest num¬ 
ber of puffs, we find that relative risk of lung 
• cancer increases! with the number of .pull’s ■ 
taken per cigarette in fairly regular fashion. 
If it is assumed that exposure to tobacco tar 
increases as number of puffs taken per ciga¬ 
rette increases, and if exposure to tar is 
associated with lung cancer, this finding is in 
the expected direction and suggests a dose- 
response relationship reminiscent of the in¬ 
crease in risk associated with increases in 
daily amount smoked. This finding suggests 
that our analysis of puffing patterns over time 
should be conducted in categories specific for 
various average numbers of puffs per ciga¬ 
rette as well as for categories of daily cigarette 
consumption. 

A preliminary examination of our first 
hypothesis, that the longer the period over 
which cigarettes are smoked, the greater is 
the lung cancer risk, is shown in Tables 3a 
and 3b. Note in Table 3b that the risk increases 
directly as the mean number of minutes taken 
to smoke cigarettes increases. The risk for 
subjects under 60 years of age smoking from 
6.0-7.99 minutes is 1.35 times higher than 
that for subjects smoking over shorter periods 
on the average. The risk increases to 1.43 
for those taking 8,0-9.99 minutes to smoke 
cigarettes, and it is 3.00 for those who on the 


Table 2. Mean Puffs Taken per Cigarette, by Cases and Controls 


Mean puffs 

Cases 

Controls 

Cases/ 

controls 

* Risk “ 

relative to 

2.0-5.9 puffs 

X 

No. 

% 

No. 

% 

.73 ’ 

2.0-5.999 

20 

10.9 

24 

14.9 

.73 

1.00 

6.0-7.999 

55 

30.1 

45 

28.0 

1.08 

1.48 

8.0-9.999 

43 

23.5 

43 

26.7 

.88 

1.21 

10.0-11.999 

33 

18.0 

26 

16.1 

1.12 

1.53 

12.0-33.999 

32 

17.5 

23 

14.3 

1.22 

1.67 

Total 

183 

100.0 

161 

100,0 
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Table 3A. Mean Number of Minutes Required to Smoke One Cigarette, Cases and. Controls, by Age 



<60 yr 

60 yr and older 

Total 

Mean min taken 
to smoke cig. 

Cases 

Controls 

Cases 

Controls 

Cases Controls 

No. % 

No. % . 

No.. % 

. No. % 

’ No. % No. 


2,0-5.99 
6.0-7.99 ; 
9.0-9.99 
10.0-15.99 

Total 


12 

12.1 

19 

17.9 

9 ' 

10.7 

.11 

20.0 

21 

11.5 

.30 

18.6 

31 

31.3 

. 36 

• 34.0- 

26 

31.0 

. -13- ■' 

23.6 

.57- 

31\ 1 

, 49' 

■ 30.41 

37 

37.4 

41 

38.7 

31 

' 36.9 

23 

41.8 

68 

37.2 

64 

• 39.8 

19 

19.2 

10 

9.4 

18 

21.4 

8 

’ 14.6 

37 

20.2 

18 

11.2 

99 

100.0 

106 

100,0 

84. 

100,0 

55 

100.0 

183 

100.0 

161 

100.0 


.times’tliat for the shorter period of smoking 
in each category of mean puffs taken from 
less than 7 to 9.0-9.9. It is interesting that the 
risks for those smoking 10.0-10.9 puffs on the 
average are almost identical, and that a re¬ 
versal of effect is seen for those taking more 
than 11 puffs. We suggest that this may be 
related to the fact that in order to take, for 
example, 12 puffs in 10 minutes, it is neces¬ 
sary that they be of very small smoke volume, 
so small that it is possible that only small 
amounts reach the lungs. A substantially larger 
smoke volume is possible if the 12 puffs are 
taken over a shorter period, for example, 6 
minutes, thus possibly increasing exposure of 
the lungs substantially and raising lung 
cancer risk. This, of course, is a tentative sug¬ 
gestion only, and its validity should be ex¬ 
amined in future experiments utilizing dif¬ 
ferent volumes of puffs on smoking machines 
as Well as case-control observation. 

Table 6 examines the related question as 
to whether risk of lung cancer increases with 
increases in the number of puffs taken towards 
the end of the cigarette. It will be recalled that 
smoking machine studies of three models of 
cigarette puffing showed the least tar re¬ 
trieval from cigarettes puffed most frequently 
at the beginning of the smoking )ieriod, an 


Table 3B. Relative Risk Associated with Variations'-in'Average Time Required 
to Smoke Cigarettes, by Age • 




<60 yr 

60 y 

r and older 


Total 

Mean min taken 
to smoke cig. 

Cases/ 

controls 

Risk relative • 
to that for 

2.0-5.9 min 

X 

.68 

Cases/ 

controls 

Risk relative 
to that for 

2,0-5.9 min 

X 

.54 

Cases/ 

contras 

Risk relative 
to that for 

2.0-5.9 min 
X 

.62 


2.0-5.99 .68 1.00 
6.0-7.99 .92 1.35 
8.0-9.99 .97 1.43 
10.0-15.99 2.04 3.00 


Source: https://www.industrydocuments.ucsf.edu/docs/nsyk0000 


54 

1.00 

.62 

1.00 

31 

2.43 

1.02 

1.65 

88 

1.63 

.93 

1.50 

47 

2.72 

1.80 

2.90 


average took over ten minutes. The risk for 
those over 60 increases in a similar but not 
as regular a fashion. 

This could be a function of daily number' 
of cigarettes smoked if we grant that amount 
smoked is related to average number of min¬ 
utes spent smoking each cigarette. There is 
no reason to suspect that this is true, and 
Table 4, which examines the question by 
amount smoked, shows roughly the same 
thing as previously observed. Tlius, risk in¬ 
creases more or less regularly with average 
minutes smoking per cigarette for those con¬ 
suming one pack or less of cigarettes per day 
and for those smoking more than one pack 
per day. The increases in risk are more regu¬ 
lar and the effect is more enhanced in the 
group consuming the larger amount of cig¬ 
arettes per day. 

We have already seen that risk increases 
with mean number of puffs taken per ciga¬ 
rette making it necessary to analyze, speed of 
smoking by number of puffs taken. Table 5 
examines tire risk for those taking less than 
8.0 minutes to smoke a cigarette, on tire aver¬ 
age, and those taking 8.0 minutes or longer 
specifically by mean number of pull's taken per 
cigarette. Observe that the risk for the lotrger 
period of smoking ranges from 1.38 to 2.34 










